The author's own experience as a student and later as a lecturer in Afghanistan has shown that the methods used in the educational system are not only flawed, but also do not provide the minimum guidance to students to select proper course of study before they enter the national university entrance (Kankor) exam. Thus, it often results in high attrition rates and poor performance in higher education.
INTRODUCTION
Recent advances in big data, data mining, and educational data mining (EDM) enable educational institutions to transform their data into valuable information to find the hidden patterns that yields clear results and specific targets to improve educational settings.
The efforts of educational institutions in Afghanistan are to generate (only) facts and figures (e.g., total number of students and teachers based on gender, geographic location, schools and universities, and some other conditions). However, it turned out that these simple facts and figures do not help educational institutions to improve the educational settings. For example, to predict proper major fields of study for high school graduates participating in the Kankor exam, to identify first year university students who are at high attrition risk, or to recommend right courses for the students to enroll.
To find out about participants' familiarity and factors choosing proper major studies in the Kankor exam, attrition rates and poor quality of education, and whether offering specialized studies at high school is a good decision or not;
online questionnaires (open-ended and closeended questions) were prepared and distributed through social networking platforms to Afghanistan public and private university students and alumni. Results of the questionnaires indicated that lack of familiarity with the Kankor exam and its processes, inappropriate selection of major fields of study as well as lack of offering specialized studies at school are the major reasons that most of the students are at risk of dropping out or poor performance in their higher education studies.
The main goal and objective of this paper is to study the opportunities and challenges of EDM applicability in Afghanistan education context to help educational institutions to better prepare students for their studies in schools and universities. This paper also tries to offer answers to the following questions: This paper, initially presents a description on big data, data mining, and educational data mining. Next, it briefly explains the education systems and the existence and availability of large amounts of data in Afghanistan education systems. Finally, it presents studies in the area of EDM and discusses their applicability in Afghanistan's education environment using case studies as a support for the argumentation.
Big Data
Upon entering the 21 st century, there has been a massive increase in data generation with the prevalence of mobile technologies, social media networks, sensor devices for environmental data gathering, and online shopping sites, to name a few. These vast amounts of generated data are too big and complex to be handled and processed effectively by traditional approaches [34, 35] Big data does not just mean very large amounts of data, though that could be one of the factors and characteristics of it. Big data is identified by the following three main cornerstones known as 3 V's: Volume, Variety and Velocity [34, 35] . Recently other V's were added to define the term big data very precisely such as Value, Veracity, and Visualization [32, 16] .
In a nutshell, big data refers to rapidly growing structured and unstructured data with sizes beyond the ability of traditional database tools (RDBMSs) to store, manage, and analyze. Therefore, it leads to new big data solution technologies. For example, NoSQL, Apache Hadoop, Apache Spark and Apache Flink framework with ecosystems on top of each to effectively store and process the big data either in batch or streaming processes with distributed computing in a reliable and scalable fashion [5, 8, 12, 31] .
It is worth mentioning that there are other nondistributed and non-scalable software and tools available for data mining purposes, e.g., Weka, SPSS Clementine, packages for R and Python programming languages. Furthermore, it should be considered that big data solutions certainly do not replace the traditional approaches. Likewise, data mining is not only for big data.
The Three V's of Big Data
The Volume means very large amounts of data. For example, in 2012, approximately 2.5 Exabyte of data were generated per day [17] .
Velocity means how rapidly data is generated. Per the InternetLiveStats every second more than 10,000 Tweets are sent, 100,000 YouTube videos are viewed, 49,000 Google searches are performed, 2,300,000 emails are sent, and 27,700 Gigabytes of Internet traffic are generated [11, 20] .
Variety refers to the 80% total existing unstructured data e.g., videos, audios, books, news articles, blogs, and click streams data [29] .
Data Mining
Data mining is the cross-road of Statistics, Machine Learning and Artificial Intelligence algorithms, Database and Data Warehouses [10, 25] .
Data mining enables organizations to explore the past by means of univariate and bivariate exploration techniques and predict the future by means of classification and clustering techniques and methods [26] .
Per the KDnuggets 2014 poll [13] , data mining and analytics are applied in a wide range of industries, e.g., Banking, Healthcare, Fraud Detection, Science, Advertising, Education, and many other sectors.
Educational Data Mining
Researchers apply and test data mining techniques to explore and mine the data which are generated from educational settings (e.g., data from schools, universities, traces that students leave when they interact with learning management systems, and intelligent tutoring systems) to better understand students and the settings which they learn in and call it EDM [4, 6, 24] . The main goals of EDM is to predict students' future learning behavior, to study the effects of education support that can be realized through tutoring and learning systems, to find out new models or improve the existing ones, and finally to advance scientific knowledge about learning [4] .
The Application of EDM is very broad, ranging from analysis and visualization of data, providing feedback for supporting instructors, recommendations for students, predicting student performance, detecting undesirable student behaviors, grouping students, constructing courseware, planning and scheduling, and others [23] .
STATUS OF AFGHANISTAN EDUCATION SYSTEMS
General education in Afghanistan comprises K-12 (primary, secondary and high school), Islamic studies, Teacher Training, Technical and Vocational schools and institutes which is administered by the Ministry of Education (MoE). The Ministry of Higher Education (MoHE) supervises the universities which provide Bachelor, Master, and Ph.D. degree programs.
The establishment of the new democracy in Afghanistan in 2002 brought hope to people to be more optimistic towards the future. The education systems have been going through a nationwide rebuilding process, and despite obstacles, numerous public and private educational institutions were established across the country [2, 27] . The result is a substantial increase in the student enrollment rate, as reflected in (see Figure  1 ) [3, 28] .
In 2015 around 10 million students attended more than 15,479 public and private schools [28, 30] , and more than 250,000 students attended 126 public and private universities. On the other hand, every year more than 200,000 students graduate from high schools, and around 300,000 participate in the Kankor exam across the country [18, 28] .
The MoE and MoHE as the main bodies of education systems in Afghanistan have been trying to standardize the quality of education to be able to meet the minimum international standards. In this extremely challenging process, one of the efforts of the MoE and MoHE has been to automate their information through Education Management Information System (EMIS) [27] and Higher Education Management Information System (HEMIS) [21] .
The EMIS and HEMIS are able to generate only facts and figures which are not very helpful in decision making to improve the education systems effectively. For example, '10 million students in schools' is just a number and piece of data without a specific context and without further useful information to describe the setting.
Data needs context to be understood in its meaning and its consequences, and when data is simple, most of the times actions are impossible because they do not provide decision makers with the context in which the data was recorded. Therefore, these simple facts and figures do not help policy makers to improve the educational settings. For example, to predict proper major fields of study for high school graduates participating in the Kankor exam, to identify first year university students who are at high attrition risk, to recommend right courses for the students to enroll, and finally, to advance scientific knowledge about learners.
EDM CHALLENGES IN AFGHANISTAN EDUCATION SYSTEMS
Data is the core asset of every organization. Without presence of data, mining and analytics cannot be done, thus, organizations cannot improve their settings efficiently. It is also true that data without analysis in mind is just a bunch of data and not helpful for decision-makings.
In the context of Afghanistan education, there are around 10 million students attending schools. For each student, demographic information, economic, social and cultural status of family and kin, learning activities outcome, and performance, plus other information is stored in scattered paper-based and traditional systems. Unfortunately, most of the data are not used by the educational institutions.
Consider this scenario: students must study 12 grades to be a high school graduate. In school, on average, 13 subjects relevant to sciences, social sciences, literatures, languages, and other fields are taught per grade, and respectively, each subject comprises at least 2 exams. The following simple calculation resulted in more than 3,120,000,000 records refer (only) to the students' enrollment entity and scoring data. Of course, there are different entities and data that exist. For example, data for teachers, students and students' dependents, subjects, activities, classes, etc. are stored and the number of records will be increased dramatically.
On the other hand, to estimate the size of the data that can exist in the Afghanistan education systems, if 2 Megabytes of data in average is counted per student 20 Terabytes of data will be available for storage.
It is worth mentioning that the 20 Terabytes of data are generated from school students are explicitly stored. Imagine how much data are generated implicitly and explicitly per semester or in a year when integration of Information Technology (Learning Management Systems, Tutoring Systems or MOOCs) are introduced at schools and universities as a tool to enrich and support the education systems. The amount of data will grow intensely even exponentially.
Unfortunately, the analytics and mining processes are not used over these data to extract valuable information for better decision-making purposes to improve the education systems effectively and efficiently.
Major challenges to EDM in Afghanistan are lack of data availability and accessibility in electronic format to generate and build datasets for the mining and analytic purposes. Besides, the concept of EDM is new and research has not been done in Afghanistan. Therefore, lack of experts is another major issue.
The next section presents some of the EDM research that has been successfully applied in other countries in education systems to improve and support the educational settings. Meanwhile, the outcome of these studies and research will be highlighted in the context of Afghanistan education systems.
EDM OPPORTUNITIES IN AFGHANISTAN EDUCATION SYSTEMS
Education is the main pillar of every society. Per Hamid Karzai (the former president of Afghanistan) and Asadullah Hanif (the minister of education), education is the only way to develop and build Afghanistan. Thus, the application of EDM is a great asset for Afghanistan education systems to improve the education settings and increase the quality of education.
This section presents studies in the area of EDM and discusses the applicability, contextualization and modification in Afghanistan Education environment.
Case Study I: Major Prediction and Recommendation
One of the studies [22] aimed to predict student placement in class using data mining in Indonesia. Per the Indonesian government regulations, senior high school students must be divided into Science and Social Science majors, which are called Placement Class process. Traditionally, this division process is conducted by teachers. It is a difficult and time-consuming task to identify and divide the students into right and proper majors. The researcher's main aim was to find a very promising solution to facilitate the Placement Class process. Knowledge Discovery in Databases (KDD) or data mining in education classification techniques were introduced and used to divide the students into appropriate majors.
The outcome of the research after testing different methods was automation and prediction of the Placement Class process with a 79.16% accuracy rate.
Case Study I: Lessons-Learned and Applicability in Afghanistan
Presently in Afghanistan, school students are not divided into Majors. The author conducted one online survey to public and private university students and graduates, and another survey to computer science students and graduates. A total of 333 people participated in these surveys; 315 agreed that it is more useful if the students are offered specialized studies after grade 9 at school. Additionally, due to general studies and insufficient orientation on Kankor at schools, the majority of students do not know what Major to choose in the Kankor. This was confirmed by the same online surveys. Besides, in the existing situation, it is found that there are no structural and specialized institutions to provide and guide students on career choices based on their skills and interests. This situation creates a vicious cycle for misappropriating human-capital as the most vital resource for development.
The outcome of this research [22] can be customized and used to recommend proper Majors to high school graduates prior attending the Kankor, and also while specialized studies are introduced at schools. The following approaches can be used. 1-Assess student performance for 10th, 11th and 12th grades to identify the strengths and weaknesses of the applicants in all the relevant Majors. 2-Since the results of high school grades could be misleading, this research also proposes the design of a new standardized test to evaluate the interest and capabilities of the applicants through varied 'Yes' and 'No' intelligent questions. 3-Since there are no precollegiate courses prior to entering University, it is deemed efficient to evaluate the skills of applicants in the 12th grade through several Kankor practice tests. 4-Other simulator (selfassessment) tools as an all-encompassing medium to self-evaluate, capitalize on improving and minimize the identified gaps of candidates and to evaluate the interest and capabilities of the applicants. 5-Of course, social, economic, and literacy status of student's family and other pedagogical factors could be significant for better evaluation and assessment. 6-Divide more than 100 Majors into main major areas including Natural and Social Sciences, Health Sciences, Humanities and Literature, Islamic Education, Fine Arts and Technical Education. 7-Finally, consideration of previous Kankor results data during data mining process would lead to better accuracy rate. The primary and basic diagram to predict field of study is illustrated (see Figure 2 ).
Case Study II: Support at Risk Students
Another research [1] has been conducted using EDM methods and applied at the New York Institute of Technology (NYIT) to design a firstyear at-risk model for NYIT to identify 1-the key factors that place a student at risk of attrition, and 2-the failure rate for each new fresh student for timely intervention before it is too late and to effectively support them accordingly. This model was built using previous historical data and went into production at NYIT with an accuracy rate of 75%.
Moreover, there has been additional research and studies [7, 15, and 19] discovered that timely intervention with students at highest risk of attrition could be effective in improving retention rates.
Case Study II: Lessons-Learned and Applicability in Afghanistan
There has been significant increase in enrollment rate in higher education institutions, but most of the students are at risk of dropping out with poor performance during their higher education studies. One of the main reasons is that the participants randomly select fields of study in the Kankor exam without much knowledge of the requirements and challenges ahead of them and the inventory of their existing knowledge in the relevant field of study. Additionally, lack of specialized studies at schools is another major reason for attrition and poor performance in higher education. For example, per the previous online survey conducted by the author among Computer Science students in Herat province out of 227 respondents (e.g., freshmen, sophomore, and graduates of male and female students) around 90% did not have the skill and knowledge of programming, database concept, and operating systems, as echoed in (see Figure 3 ).
The result of the survey is showing that one of the major reasons for weak academic performance in higher education is lack offering specialized studies in school.
An early counseling intervention solution would be a great support to identify the key factors to improve their academic performance and to decrease rates of attrition through academic counseling, tutorial classes and other supportive programs [1] . This could be achieved with evaluation and comparison of fresh student's data with historical data of senior students. For example, school performance and grades for main prerequisite subjects relevant to their selected Major (i.e. the required score value for Journalism in mathematics might be 2 out of 5, while in Engineering it might be, 5 out of 5), if they attended supportive courses and classes besides school studies, family responsibilities, and other social and extracurricular activities.
Case Study III -Recommender Systems in Education
The recommender systems have evolved in the extremely interactive environments of the web, particularly, e-commerce and other popular and social platforms. They apply data mining and analyses techniques to the problem of helping customers find which products they would like to purchase at e-commerce sites. For example, a recommender system on Amazon.com (http://www.amazon.com) suggests other similar products to the customers that they might wish to purchase based on their previous purchasing history and other customers who purchased similar products. Until 2002, learning management systems lacked a recommendation feature to assist enrolled students to enhance online-learning processes [33] . Therefore, researchers studied the application and the potential of recommendation in the education domain, and specially in Massive Open Online Courses (MOOCs) which are a relatively new phenomenal widespread higher education.
Most of today's learning management systems are very popular and store vast logs of students' performance and behavior implicitly or explicitly while students are browsing courses, taking tests and quizzes, reading news, watching videos, following forum threads and topics, etc. This data includes the session duration of entry and exit time, mouse movements, delay taking the tests and quizzes, visiting pages and modules, etc. Using data mining techniques on these collected data can recommend students proper and related courses. It also enables the system to predict the students' score and result while choosing courses before even any examination processes [14, 33] .
Case Study III: Lessons-Learned and Applicability in Afghanistan
Over the past decade, Afghanistan has experienced an extremely rapid growth in ICT infrastructure and services. More than 85% of the population (17.4 million subscribers) geographically has GSM coverage and 3G services. In 2012, the total internet users were estimated to be 1 million [9] . Therefore, the development within the ICT infrastructures as well as availability of user-friendly open source learning platforms i.e. Moodle (https://www.moodle.org) has made the environment ready to gradually transfer paperbased services to online-based services, particularly, within the higher education institutions to enrich and support the current education system with integration of Information Technology. This approach enables the educational institutions to collect the data implicitly and explicitly for the mining and improvement purposes.
CONCLUSION
Enrolment trends in Education and Higher Education generates vast amounts of data. With learning and tutoring management systems, the amount of data will be significantly increased either implicitly or explicitly. The main challenge preventing the applicability of EDM in Afghanistan is lack of proper data storage and accessibility to data in electronic format. EMIS at MoE and HEMIS at MoHE together could be appointed to provide the raw data for EDM applications to help discern patterns of abilities and behaviors which could be used to help educational institutions.
OUTLOOK
There are discussions implementing and applying distance and e-Learning in Afghanistan higher education. Prior to introducing E-Learning and offering fully online courses; environment readiness is important. The environment readiness can be achieved by introducing learning and tutoring platforms as part of the education and higher education institutions to enrich and support the current education system. Moreover, the application of data mining will improve the traditional education systems. The former factor brings society awareness and the later one enlightens and strengthens academicians mining the data and the importance of data availability and accessibility. Then after proper infrastructure is in place, introducing e-Learning and offering blended or fully online courses would be more beneficial.
MoE is seeking support to integrate all the schools across the country under one union online platform in its Center of Science campus. This is a great opportunity to think of an in-depth mechanism to collect students' individual information both for transactional processing and analytical and mining processing.
Finally, since education is foundation for Higher education. Therefore, strong and close cooperation between MoE and MoHE is crucial to increase the quality of Higher education. MoE should have a mechanism to share the archived data with MoHE during the Kankor exam as well as when students get admission to universities for mining purposes to support students more effectively and efficiently.
